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INTRODUCTION

The dentition and the gnathological blood supply subject the
jaws to unique conditions that make the marrow spaces more vulnerable
than other bones to entrance of bacterial flora as result of trauma or

surgical procedures.

Although surgical technics in these areas have

been predicated on the advantage of an abundant blood supply and osteogenic capability, a large part of the peripheral vascularity is closely
associated with the teeth.

The clinical status of the dentition has

been recognized as having a significant influence on the reparative
potential of the javjs.

Practitioners have experienced enough unhappy

sequelae resulting from dentition and oral flora-associated bone

fractures and procedures to make certain assumptions which have tended
to forclose the initiative to devise experiments dealing with more
specific healing potentials.

Today, many surgical procedures are

based on the supposition that teeth should be avoided or removed;
reference to approach or clinical condition notwithstanding.

Rowe

and Killey (1955) express the classical concept that severing the
blood supply to a tooth results in death of the pulp tissue, V7hich
becomes a nidus for infection.

This posture has been reinforced by

a phenomenon referred to as anachoresis, a process involving the
attraction of certain dyes, protein particles, metals, and micro

organisms to inflamed tissues via the hematogenous route.

According

to Csernyei (1939), Ascoli introduced the term "anachoresis" (Greek
for refuge and convocation).

This process has been described by many

other investigators (Henrici and Hartzell, 1919, Rosenow, 1919, 1923,
Rigdon, 1940, Robinson and Boling, 1941, Brown and Rudolph, 1957,

Burke and Knighton, 1960, Smith and Tappe, 1962), and has readily
Implicated the dentition by association, since many of the studies

have pertained to the teeth and oral sepsis. Robinson and Holing

(1941) applied the more specific term "anachoretic pulpitis." During
the early investigations, Rosenow (1919) inoculated rabbits with pus

from human teeth and tonsils. Subsequent localization of the offending
bacteria into various sites of inflammation became the basis for cer

tain therapeutic suggestions which emphasized exodontia. Significant

differences between proliferating bacteria and nonproliferating micro
organisms in the accummulation phenomenon have been slow to emerge in

the literature. Similarly, the role of bacteria in pulpal injury has
not been fully tested, nor have alternative sources or minimal require
ments of blood supply for the dentition been fully explored.
When the Intent is to retain the dentition, osseous procedures

which are in a subapical relationship and which protect the central
neurovascular supply have been accepted as standard procedure (Fig. 1).
There have been no recent publications suggesting pulpal deterioration
as a sequel to the well established orthodontic osteotomies or to the

subapical cortical marginal ostectomies devised for the removal of
benign lesions.

The purpose of this paper is to report an investigation
challenging the essentiality of the subapical position and central
neurovascular protection to maintain a repair potential of the resi

dual odontogenic and supporting structures.

Miniature pigs were sub

jected to mandibular cortical marginal ostectomies which removed not

only the adjacent mandibular canal with the inferior alveolar artery

a.

Cross section of mandible

Apical portion of tooth

—

Mandibular canal containing
central vascular supply
and sensory nerves

b.

Subapical osseous sectioning

o
Repositioned in osteotomy

Removed in cortical

marginal ostectomy

Figure 1.

A diagrammatic cross section of the human mandible
illustrating the positional relationship of subapical
surgeries.

and mandibular nerve, but also removed the root apices of the asso
ciated molar teeth (Fig. 2).
According to Mclean and Urist (1968a), periosteal vessels of
long bones are collateral to the medullary supply, and can enlarge to
accommodate a greater flow v;hen the central arteries are damaged.

As

a result of recent animal studies. Bell and Levy (1970) suggested that
a similar principle may apply to the mandible.
An exhaustive search of the literature revealed no information

pertaining to nontreated vital apicoectomies.

In a study dealing with

the histogenesis of the dental cyst, Choukas and Toto (1966) resected
the apices of vital dog incisors from an intra-oral approach.

However,

their report included no evaluation of tissue responses within the
pulp chambers.

The cortical marginal ostectomy as applied in the following
experiment, tests not only the ability of the pulp chamber to repair
and retain a vital tissue following an apical resection, but also
tests the vascular collateral potential of the periodontium.
Interest in this study followed the treatment of an osteoid
osteoma of the mandible.

In early 1966, a thirty-year-old female

presented to the chairman of my thesis committee (Rappaport, 1966)
with a history of a rapidly growing tender mass of the right mandible.
X-rays and histological examinations were interpreted as compatible
with osteogenic sarcoma (Fig. A).

These aggressive tumors can bear

an aggravating similarity to the benign osteoid osteoma.

Because the

surgeon ascertained the lesion to be the latter, a block excision
causing discontinuity of the mandible was not done.

A lesser extra-

a. Remaining blood supply

Residual periosteum

Residual periodontium

The resected blood and

nerve supply
Inferior alveolar artery
Mandibular nerve

Associated periosteum

Figure 2. A diagrammatic cross section of a miniature pig mandible
in the molar region illustrating a cortical marginal

ostectomy with inclusion of molar root apices, central
blood supply, and sensory innervation. The central neurovascular and peripheral blood supply is represented by the
linear shading. The only remaining blood supply is
associated with the remaining portions of the periodontium
and periosteum.

oral procedure through the inferior border of the mandible was per
formed, resulting in apical root resections through three molar teeth

(Figs. 3, 5).
ation.

The treatment necessitated no intermaxillary fix

The only residual manifestation of her surgery was paresthesia

of the lower lip and ginglvae of the same side.

Vitalometer testing

of the teeth postoperatively at subsequent intervals revealed a lack
of sensation, however, x-ray patterns were consistent with viable
teeth.

There was no evidence of progressive periapical pathosis; in

fact, there was remodeling of the lamina dura and cortical bone

(Figs. 6, 7).

Approximately four years after surgery, the patient

continued to enjoy normal function of her teeth and mandible (Fig. 8).
The question arose as to whether the results in this case were

unique or whether, in fact, they revealed a reparative potential which
could be utilized in planned procedures of the mandible and maxilla.
If this healing potential were sound, it would be useful in the arma
mentarium of the oncological surgeon, and could be extremely useful

in surgical orthodontic formulations.

Recognizing the universality

of the phenomenon of inflammation and repair as a basic concept (Boyd,
1961, Anderson and Scotti, 1968), anachoresis notwithstanding, and on
consideration of the rich vascular plexus of the periosteum with a

peripheral collateral supply, the present experiment was carried out
to evaluate the hypothesis that a cortical marginal vital apical

ostectomy (resection of the apical portion of the roots of molar teeth
with the alveolar artery, nerve, surrounding bone and associated
periosteum) under normal surgical conditions in terms of sterile technic
would result in vital dental pulps, remodeling of the apical hard and

soft tissues and recontouring of the bone under the functional in
fluence of the masticatory apparatus.
The experiment v/as designed to substantiate the hypothesis with
appropriate histological preparations.

Figure 4.

a.

A lateral x-ray view of the mandible of the introductory
patient, a thirty-year-old female.

She presented to the thesis committee chairman with a
history of a rapidly growing tender mass of the right
mandible.

The lesion was compatible with osteogenic sarcoma.

A histologic view of the above tumor (153X)..
There was intense osteogenic activity.

Although compatible with osteogenic sarcoma, the
tumor was ascertained by the surgeon to be an osteoid
osteoma.

Figure 5.

An x-ray view of the introductory extra-oral cortical
marginal ostectomy containing the tumor and the mandibular
canal.

The root apices of the second and third molars were
clearly demonstrated within the resected block of bone.
The roots of the first molar were resected close to the

apical ends leaving very little residual apical structure
within the resected block.

The mandibular canal could be seen readily at the
posterior entry into the resected block.
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Figure 6.
a.

A periapical x-ray view of the resected teeth of the

introductory patient six months after surgery.
Periodontal remodeling was becoming evident.
There was no marginal cortex formation.

A periapical x-ray viev; of the above resected teeth
one year after surgery.

Marginal cortical bone remodeling was becoming evident,
The third molar is in full view.

*
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Figure 7.

A periapical x-ray view of the resected teeth of the

introductory patient four years after surgery.
Without benefit of a central medullary blood supply,
there v;as remodeling of both the periodontium and the
marginal cortical bone.

A panorex x-ray view of the above case four years
after surgery.

The view displays the general relationship of the
osteotomy site, and demonstrates the resected ter
mination of the mandibular canal.

i

Figure 8.

a.

An Intra-oral view of the operated mandible of the

Introductory patient four years after surgery.
The patient had received an extra-oral cortical mar
ginal ostectomy resulting in apical root resections
of the molar teeth together with the removal of the
mandlbular canal and neurovascular contents.

The teeth and glnglva remained firm and functional.

b.

An Intra-oral view of the contralateral side of the
above patient.
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METHODS AND MATERIALS

A.

The Experimental Format

Mature miniature pigs were subjected to mandibular cortical mar

ginal vital apical ostectomies similar to that performed on the intro
ductory patient, except that the resection included the root apices of
only one molar rather than three (Figs. 9, 10).

The pig teeth were

labeled in a Palmer system from 1 to 11 (Fig. 11), the dental formula
totaling 44.

The second molar (10) of the right mandible was selected

as the experimental tooth.

The animals were provided with a healing

period of six months, during which time they were examined at regular
intervals, and at the end of which time they were sacrificed.

The

mandibles and adjacent tissues were secured for gross examination.
Sections of the experimental area were cut, x-rayed for supplementary
roentgenographic examination, and processed to obtain microscopic

specimens.

Histological control specimens to verify the pig dentition

as an appropriate corollary were secured from noninvolved teeth of the
experimental animals.

B.

Origin and Maintenance of the Animals

Five adult miniature pigs of the Pitman-More strain were secured
from the Vita Vet Laboratories, Marlon, Indiana.

The animals arrived

in crates in Orange County via air freight, and were delivered to
Orange County Medical Center where they were placed in an outside pen
with a shelter.

They were fed on a diet of Purina Hog Chow.

The

animals, four males and one female, were labeled A, B, C, D, and E

(Abel, Baker, Charlie, Dan, and Ethel).

I

%

An illustration depicting the gross structural re

ships of the pig mandible as viewed from the supe
lateral aspects.

l/(/\JWlAw

A lateral sectional illustration depicting the surgical
defect resulting from a cortical marginal ostectomy

received by the experimental miniature pigs. The
resection included the root apices of only one molar

tooth to minimize masking from unfavorable responses of

adjacent teeth. The second molar was selected as the
experimental tooth.

hod of labeli
ith the Palme
o eleven
he central incisor.

begi

C.

Preparation of the Animals

On the day that a pig was scheduled for surgery, the animal was
given no food or fluids. An hour and thirty minutes before surgery,
the animal was secured In a shipping crate modified with a special trap

door, and was then given a bath using Orbls* soap and copious amounts
of water (Sattler, 1967).

A premedlcatlon regime (House, 1967, Gulner, 1967) was Initiated
an hour before surgery and while still confined to the crate. First,

the animal was given 1.2 mg. of atroplne Intramuscularly In a hind leg.

Twenty minutes later and In a like manner, the animal was given 200 mg.
of a veterinary preparation of Sernalyn

In divided doses. When the

desired sedation was reached (within about ten minutes), the animal was
taken from the crate and placed In a supine position on a cradle,

secured with leg restraints and taken to the preparation room. The

right cervlco—facial bristles were clipped with heavy duty electric

clippers using a number 40 blade. An Intra-oral measurement was taken
from the cusp of the large maxillary cuspid to the mesial margin of
the mandlbular second molar and recorded for operating room orientation
of the osteotomy.

D.

Operating Room Protocol

The surgical suite utilized for the experiment was a fully

equipped operating room consistent with hospital standards. There x<7as
strict adherence to sterile technic, and the surgical team Included a

* Orbls^, Wlilte King Company, Pomona, California
** SernalynR, Parke-Davls and Company, Detroit, Michigan

circulating nurse, scrub nurse, anesthesiologist, assistant surgeon,
and surgeon.

E.

Anesthesia

The animal was taken to the operating room on the cradle with
the legs remaining in restraint.

The anesthesia technic (House, 1967)

consisted of an open drop application of methoxyflourane, utilizing a
paper snout cone consisting of a large Dixie Cup.

Breathing holes were

cut in the bottom, and loose cotton soaked with about 5cc of the anes

thetic liquid was placed inside.
snout and mouth.

The cup was held over the animal's

Additions of anesthesia were added at intervals as

needed for relaxation.

F.

Operative Procedure

Under anesthesia, the clipped bristles of the right cervico-

facial region were shaved, and the skin was prepped with loprep* and
alcohol for ten minutes.

The animal was draped with the site of in

cision exposed adequately for access.

The drapes were secured to the

skin around the site with 3-0 silk sutures, and were arranged to ac
commodate access to the snout for anesthesia management.
Using a Bard Parker and number 10 blade, a fifteen centimeter

skin incision was made along the inferior border of the right mandible,
extending from about the first premolar area to the angle of the
mandible.

After retracting the skin, sharp dissection was employed to

expose the mandibular periosteum.

The periosteum and the extensive

* loprep^, Arbrook, Somerville, New Jersey

lobes of the parotid glands were freed, retracted and protected from
ensueing procedures with a broad retractor.

To approximate the loca

tion of the experimental tooth (mandibular second molar), the prominent
cusp of the maxillary cuspid was palpated through the drapes, and from
this point a measurement was taken to correlate with the pre-surgical
intra-oral measurement.

Utilizing a Hall Surgitome with cross cut burs and saline

irrigation, anterior and posterior bucco-lingual cuts were made from
the inferior border of the mandible to about three-fourths of the

estimated superior or occlusal wall of the osteotomy (Fig. 12b).

With

the same cross cut burs, horizontal cuts were made through the buccal
and lingual cortical plates connecting the bucco-lingual cuts at their

occlusal extremities (Fig. 12c).

Using these grooves as guides, the

gross bony block was chiseled loose and removed.

The exposed and bleed

ing mandibular canal vessels were sealed off with bone wax.

With the

surgitome and large round cross cut burs, all four apices of the second

molar were exposed and identified (Fig. 13a) by the surgeon and the
assistant surgeon.

To determine the level of the osteotomy occlusal

wall such that about 5mm of the root apices would be removed, notches
were cut to a depth of 5mm (Fig. 13b) and the overall wall was estab
lished accordingly (Fig. 13c).

Overlying periosteum, which was not

closely adherent to the parotid gland, was removed.

The margins of the

bony defect were rounded over with burs, and the entire surgical wound
was relieved of debris and irrigated with normal saline.

Upon satis

factory hemostasis and with the bone wax intact in the orifices of the
mandibular canal, the soft tissues were gently re-adapted and closed in

The posl
experime
mandible
cuts.

9.

&

I
The vital apicoectomy osseous cuts for the experimental
osteotomy on the pig mandible, a: Block resection
removed and root apices identified, b: Five millimeter
orientation notches cut. c: Occlusal osteotomy wall
established.

layers utilizing 3-0 chromic stays.

The skin was closed with 3-0 silk

vertical mattress sutures, and dressed with Aeroplast* spray bandage.
G.

Postoperative Care

After surgery, the animal was taken on the cradle via gurney
to a clean concrete floored pen and given prophylactic antibiotics -

Penicillin one million units and Streptomycin 2.5 grams intramuscularly.
The same medication was given on each of three successive days.

The

animal was provided with plenty of drinking water and a daily feeding

of Purina Hog Chow.

Both the pen and the animal were given a daily

water washing, and after each bath, the mandible of the pig was examined.
On the seventh postoperative day, the animal was premedicated
with Sernalyn 200 mg.

After effective sedation and cradle restraint,

the skin sutures were removed.

Lodging and care continued in the post

operative pen until the tenth postoperative day, after which time the
animal v/as returned to the regular animal shelter.

Regular observations

were continued until the animal was sacrificed six months hence.

H.

Postmortem Preparations for Stud

After a six month postoperative interval, the animals were
sacrificed utilizing a Sernalyn premedication followed by ensangui-

nation.

With the exception of decalcification of the tissues, the

basic tissue preparations were consistent with the recommendations of
Sicher (1966) and Stanley (1965a).
1.

Gross Mandibular Specimens

* Aeroplast^, Parke-Davis and Company, Detroit, Michigan

Following sacrifice, the mandibles were immediately removed,
degloved to the periosteum, and examined.

The crowns of the teeth were

opened with dental burs to insure chemical exposure of the pulps to the

fixative solution. To secure fixation, the mandibles were immediately
placed into ten percent Formalin for four weeks.
2.

Transverse Mandibular Sections

After the fixation of the gross specimens, bucco-lingual trans
verse sections were cut across the areas to be studied.

These sections

were designed to provide a serial identification of the area in respect
to the mesio-distal dimension of the respective teeth.

The successive

segments were labeled 1, 2, 3, 4, and 5 respectively from mesial to
distal.

The thickness of the sections was limited to 5mm to insure a

thorough decalcification.

The transverse sections were labeled

according to the letter of the animal, the number of the tooth, and the

number of the section as a subscript.

For example, the most mesial

transverse section through the second molar of Animal A would appear as

"AlOj" (Fig. 14). Prior to decalcification, the sections were visually
examined, and mesio-distal x-rays x^ere taken for supplementary obser
vation pertaining to calcification (Fig. 15).

The sections were

decalcified in RDO* over a period of eight to twelve hours.
3.

Histological Specimens

The decalcified transverse sections were cut in half bucco-

lingually to be accommodated by the paraffin containers.

The cuts

were made inferior to the level of the amputation to keep the important

root stump area intact (Fig. 16).

The tissues were blocked in paraffin.

* RDO^, Dupage Kinetic Laboratories, Downers, Illinois
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and microtome sections were processed through an Autotechnicon to be

stained with Hematoxylin and Eosin.

They were mounted on microscopic

slides and labeled according to the respective transverse section.

I.

The Histological Control

To verify that the pig had the microanatomic counterparts

essential to the experiment, sections were taken through surgically
undisturbed teeth.

Since the left mandible was being utilized for

another experiment, and since the teeth anterior to the surgical site

were anatomically distal to the modified blood supply, third molar

(tooth number 11) sections were secured for this purpose (Fig. 14).

Figure 16.

An illustration depicting the method of reducing the size
of the bucco-lingual mandibular sections to be accommodated

by the paraffin containers,

a: Bucco-lingual transverse

section prior to decalcification.

ing after decalcification.

b: Additional section

Care was taken to avoid cutting

across the root resection area.

RESULTS

A.

Postoperative Course

Because of aggressive behavior of the animals toward each other,
Animal B suffered a fractured mandible early during the healing period,

and had to be eliminated from the study.

Healing of the remaining four

animals was uneventful during the total postoperative course.

B.

Histology of the Control Tissues

The dental microanatomy of animals A, C. D, and E, as per exam
ination of the third molar reference tissues of each pig, revealed the

following structures correlating with human nomenclature:

The gingivas

contained free gingival fibers, transeptal fibers, and epithelial
attachments.

There were a few lymphocytes associated with these cervi

cal structures.

The periodontal tissues were composed of ligaments

consistent with those of the human, and epithelial rests of Malassez

were identified. Sharpey's fibers were in conformity with the

cementum, which consisted of the cellular type only (Fig. 17a). The

pulps consisted of loose connective tissue composed primarily of fibroblasts in a synctlum of spindle shaped cells connected to each other by
cytoplasmlc processes. Within these pulpal stromas, arterioles,
venules, and nerve tissues were identified. The pulps contained a cell
free zone of Weil, a cell rich zone, and columnar odontoblasts

(Fig. 17b). However, there were some fixation shrinkage distortions

of some of the peripheral pulpal areas examined. The alveolar and
mandibular bony structures and periosteum were consistent with funda
mental osseous patterns.

C.

Gross Findings of Animal A
1.

The Mandible

There was about a seventy-five percent recontouring of the

mandibular defect.

A regenerated periosteum covered the new bone.

There was no purulent exudates. The gingiva was firm and the crowns
of the teeth were intact.

2.

Transverse Sections of the Experimental Area

Visual examination:

The experimental tooth and periodontium,

and the bone superior to the level of amputation looked unimpaired.

There appeared to be viable tissue within the pulp chamber. The regen
erated bone was well calcified and had a normal cortex and spongiosa

bone pattern in most areas. There was no mandibular canal or
associated vessels, but there was a fairly circumscribed friable area

centrally and about one centimeter inferior to the rootsi

From this

region, a somewhat fibrous arm extended inferiorly and buccally through
the new cortex to join with the periosteum (Fig. 18a).

X-ray examination: The root canals had some areas of slight
widening consistent with internal resorption. There was a suggestion
of a lamina dura associated with the apical stumps, and there was a

fairly discreet associated periodontal space. Most of the regenerated
bone appeared intrinsically well structured and in fair conformity to

the original bone superior to the amputation level. The contours of
the new buccal and lingual cortical plates were nearly normal. The

subapical stump spongiosa was less opaque and less regular than

adjacent central patterns. More inferiorly, there was a radiolucent
area with an extension traversing the buccal cortex (Fig. 18b).

D.

Histologlcal Findings of Animal A

The glngiva had a few lymphocytes, and the perlodontium was

Intact. Epithelial rests of Malassez were present. The coronal pulp
chamber consisted of a fibrillar myxomatous connective tissue with

vascular components up to the order of arterioles, around which myofibrils were identified (Fig. 19).

Neither a cell rich zone, a cell

free zone of Weil, nor columnar odontoblasts were demonstrated.

The

dentinal walls were covered with a cellular inclusion mineralization

identical in appearance to the pig cementum and similar to osteo-

dentine (a reparative dentine of rather low maturity).

Active ovoid

and cuboidal blast cells were identified with this substance in many
areas, although there was some fixation shrinkage in some peripheral

areas (Fig. 20).

The radicular pulpal stroma appeared essentially

the same with some increased fibrotic activity and some areas of in
ternal resorption.

Most of the resorption sites were associated with

increased fibroblastic activity and a few scattered lymphocytes and
macrophages.

There were some "foam"

phil was identified.

cells, and an occasional neutro-

In some active resorption areas, multinucleated

clast-like cells were seen.

Some of the resorption areas were super

imposed or repaired by the cellular inclusion mineralization (Fig. 21)
The apical stumps and canal foramen were remodeled with a substance
consistent with the pig cementum.

Cementum repair lines representing

the apical amputations could be identified.

Sharpey's fibers were

demonstrated in conformity with the new apical stump cementum and a
remodeled periodontal ligament (Fig. 22).

* "foam" cell:

a name applied to macrophages which have accummulated
lipoid material.

The regenerated bone had a pattern consistent with the original
bone superior to the amputation level, except that the new bone just
inferior and approximate to the root stumps was less dense with large
inter-trabecular areas filled with adipose tissue (Fig. 23a).

There

was a continuity of vital tissue extending through the orifice of the

remodeled apical foramen (Fig. 23b).

More inferiorly was a fairly

circumscribed area composed mostly of adipose elements.

From this area,

a fibrotic tract extended inferiorly and buccally through the new

cortex to join with the periosteum. There was no evidence of a mandibular canal or associated vessels.

Nerves were not demonstrated

within any of the regenerated supporting tissues or within the pulp.

E.

Gross Findings of Animal C
1.

The Mandible

There was about a sixty-five percent recontouring of the
mandibular defect with most of the deficit in the vertical axis.

A

regenerated periosteum covered the new bone. There were no purulent
exudates.

The gingiva was firm and the crowns of the teeth were

intact.

2.

Transverse Sections of the Experimental Area

Visual examination:

The experimental tooth and periodontium,

and the bone superior to the level of amputation were intact.

tissue within the pulp chamber appeared viable.

The

The regenerated bone

was well calcified and had a normal cortical and spongiosa bone

pattern in most areas. There was no mandibular canal or associated
vessels.

From about one centimeter below the root stumps, a fibrous

arm extended inferiorly through the new cortex to become continuous
with the periosteum (Fig. 2Aa).
X-ray examination:
calcification.

The pulp chamber walls had evidence of some

One root canal revealed obvious areas of localized

internal resorption.

Another root revealed a radiolucency consistent

with an accessory canal.

There was a suggestion of a lamina dura in

conformity with the apical stumps, and there was a fairly discreet
associated periodontal space.

Most of the regenerated bone appeared

intrinsically well structured and in conformity with the original bone
superior to the amputation level.

The new buccal and lingual cortical

plates had a nearly normal contour, although somewhat reduced in the
vertical axis.

Tlie spongiosa inferior and in approximation to the

root stumps was less opaque and less homogenous in appearance than
adjacent central patterns.

There was no mandibular canal.

From about

one centimeter below the root stumps, a radiolucent channel traversed

the inferior cortex (Fig. 24b).

F.

Histological Findings of Animal C

The gingiva had a few lymphocytes, and the periodontium was
intact.

Epithelial rests were present.

The coronal pulp chamber con

sisted primarily of a loose fibrillar rayxomatous connective tissue.

There were some areas with increased density.

Vascular components

were present up to the order of arterioles, around which myofibrils
were identified.

There were a few small areas of scattered lymphocytes

and macrophages associated with vessels (Fig. 25).

Neither a cell rich

zone, a cell free zone of Weil, nor columnar odontoblasts were identi
fied.

The dentinal walls were covered with a cellular inclusion

mineralization identical to pig cementum and similar to osteodentine as
observed in Animal A.

Active ovoid and cuboidal blast cells were iden

tified with this substance in many areas, although, as in Animal A,

there was some fixation shrinkage in peripheral areas (Fig. 26).

The

radicular pulpal stroma appeared essentially the same, but with some

areas of resorption.

Most of these areas had a few scattered lympho

cytes and macrophages.

An occasional neutrophil was identified.

Multinucleated clast-like cells were seen in active resorption regions

(Fig. 27a).

Some of the resorption areas were superimposed or re

paired by the cellular inclusion mineralization.
was identified.

An accessory canal

The apical stumps and foramen showed remodeling with

a substance consistent with pig cementum.

Cementum repair lines re

presenting the apical amputations could be identified. Sharpey's
fibers were identified in conformity with the new apical stump

cementum and a remodeled periodontal ligament (Fig. 27b).
The regenerated bone had a pattern consistent with the original
bone superior to the amputation level, except the new bone just in

ferior and approximate to the root stumps was less dense with large
inter-trabecular areas which were mostly fibrotic.

From below this

area, a fibrotic tract extended inferiorly through the new cortex to

become continuous with the periosteum.
mandibular canal or associated vessels.

There was no evidence of a
Nerve elements were not

demonstrated within any of the regenerated supporting tissues or within
the pulp.

G.

Gross Findings of Animal D
1,

The Mandible

There was about a seventy-five percent recontouring of the
mandlbular defect with most of the deficit in the infero-lingual
region.

A regenerated periosteum covered the new bone.

purulent exudates.

There was no

The gingiva vas firm and the crowns of the teeth

were intact.

2.

Transverse Sections of the Experimental Area

Visual examination:

The periodontium and the original bone

superior to the level of amputation appeared intact.
the pulp chamber was sparse and mostly necrotic.

The tissue in

The regenerated bone

was generally well calcified and consistent with a normal cortical and
spongiosa pattern in most areas.
associated vessels.

There was no mandibular canal of

There was a small (4-5 mm) subapical stump area

consisting of white friable material.

A small fibrous arm extended

from the regenerated spongiosa through a depressed portion of the

lingual cortex to become continuous with the periosteum (Fig. 28a).
X-ray examination:

Localized areas of internal resorption

were demonstrated in two roots.

There was a suggestion of a lamina

dura in conformity with the apical stumps, and there was a fairly dis
creet associated periodontal space.

Most of the regenerated bone

appeared well structured and in conformity with the original bone
superior to the amputation level.

The spongiosa inferior to the root

stumps was less opaque and less homogenous in appearance than adjacent
central patterns.

There was no mandibular canal.

The new buccal

cortical plate had a nearly normal contour, whereas, the lingual plate
was depressed in the infero-lingual aspects.

A narrow radiolucent

channel extended from the regenerated spongiosa through the new cortex

at the nadir of the lingual depression (Fig. 28b).

H.

Histologjcal Findings of Animal D

The gingiva had a few l}nnphocytes, and the periodontium was
Intact. Epithelial rests were present.

Two root lesions were re

vealed. They appeared to be dentinal wall fractures, one of which was
definitely associated with an accessory canal. Involved with the

lesions were areas of resorption and various sized angular dentinal
chips intermingled with necrotic material.

Where there were no masses

of dentinal chips or necrotic material, the pulp chamber near and
superior to the lesions was void of solid matter and suggested

liquefaction. The pulp chamber walls in these areas were void of any
secondary or reparative dentin. A fibrillar and partially collagenous

moderately inflamed connective tissue was demonstrated toward the apical
aspects in two roots.

The associated root canal walls had cellular

Inclusion mineralization and internal resorption, some of which was
superimposed or repaired by the former. The apical stumps showed a

remodeling with a substance consistent with pig cementum. Cementum
repair lines representing the apical amputations could be identified.

Sharpey's fibers were identified in conformity with the new apical
stump cementum and a remodeled periodontal ligament (Fig. 29).

The regenerated bone has a pattern consistent with the original
bone superior to the amputation level, except that some sub-root stump
areas were distorted with collections of dentinal chips incorporated
within areas of fibrotic activity and chronic inflammation.

From this

area, a narrow fibrotic tract extended infero-lingually through the new
cortex to become continuous with the periosteum.

There was no evidence

of a mandlbular canal or associated vessels.

Nerve elements were not

demonstrated within any of the tissues.

I.

Gross Findings of Animal E.
1.

The Mandible

There was about a sixty-five percent recontouring of the
mandlbular defect with most of the deficit in the vertical axis.

regenerated periosteum covered the new bone.
exudates.

A

There were no purulent

The gingiva was firm and the crowns of the teeth were

intact.

2.

Transverse Sections of the Experimental Area

Visual examination:

The cervical periodontium appeared intact,

but two roots had obvious fractures transversing the interradicular
dentinal walls.

One of these lesions involved extensive destruction of

the wall, and both lesions appeared to be associated with localized

cystic destruction of adjacent supporting bone.

The remaining bone

and associated tissues superior to the level of amputation appeared
intact.

The regenerated tissue was generally well calcified and

consistent with a normal cortical and spongiosa bone pattern in most
regions, but was distorted with a few small friable areas.

no mandlbular canal or associated vessels.

There was

There was a fairly circum

scribed area of noncalcified tissue about one centimeter below the

roots.

This tissue extended through the cortex to join the periosteum

(Fig. 30a).
X-ray examination:

radicular pulp chamber.

There was extensive resorption of the

There was a poorly defined lamina dura and

periodontal space in conformity with the apical stumps.

Tlie

interradicular alveolar bone revealed some destruction.

Most of the

regenerated bone appeared fairly well structured and in conformity with
the original bone superior to the amputation level.

Except for the

vertical shortening, the lingual cortical plate was nearly normal and
the buccal cortical plate was overcontoured.

There was a radiolucent

area in the inferior spongiosa which by way of a small extension

traversed the inferior cortex (Fig. 30b).

J.

Histological Findings of Animal E

The gingiva had very few lymphocytes, and the periodontium in
the cervical region was intact.

Epithelial rests were present.

Unlike the other animals, there was epithelial proliferation with
cystic formation.

The proliferation was Involved with extensive root

fractures transversing the interradicular walls, and was associated
with intense inflammation containing many lymphocytes, macrophages, and

a few neutrophils (Fig. 31).

Extensive areas of dentinal resorption

were involved with the lesions.

The cysts and the root canal areas

associated with the fractures contained collections of various sized

angular dentinal chips.

Degenerated hemorrhagic elements filled some

of these same areas and a portion of the coronal chamber.

Areas in

the cysts and in the pulp chamber devoid of solid matter were sugges

tive of liquefaction.

Chamber walls adjacent to these areas were void

of any secondary or reparative dentin.

The apical stumps showed re

modeling with a substance consistent with pig cementum.

Cementum

repair lines representing the apical amputations could be identified.

Sharpey's fibers were identified in conformity with the apical stump
cementum and a remodeled periodontal ligament (Fig. 32a).

The regenerated bone had a pattern consistent xjith the bone above

the amputation level (Fig. 32b), except for subapical cystic areas
associated with intense inflammation and containing masses of dentinal
chips.

From this area a fibrous tract extended toward the inferior

border to become continuous with the periosteum.

There was no

evidence of a mandibular canal or associated vessels.

Nerve elements

were not demonstrated within any of the tissues.

K.

Summary of Experimental Findings

The postoperative course was uneventful in all the animals.

The

gross findings revealed a general regeneration of bone in the surgical

defects of all the animals with no evidence of purulent exudates.

On

animals A and C, microscopic findings included vital loose myxomatousf:
connective tissue in the pulp chambers.

These tissues were vascular-

ized with arterioles, but contained no cell free zones of Weil, cell
rich zones, or columnar odontoblasts.

A reparative mineralization

resembling pig cementum and osteodentine was observed in many area of
these pulp chamber walls, and much of the mineralization was associated
with active ovoid or cuboidal blast cells.

There were some areas of

internal resorption, some of which was repaired or superimposed by the
mineralization.

Animals D and E had root fractures associated with

collections of dentinal debris and nonviable pulp chambers.

All

animals manifested periapical remodeling with cemientum and Sharpey's
fibers and regeneration of bone in the surgical defect.

no evidence of regenerated nerve tissue (Table I).

There was

Animals

Root fractures.

uneventful.

Clinically

Root fractures.

uneventful.

Clinically

uneventful.

Clinically

uneventful.

Clinically

Course

Postoperative

No exudate.

surgical defect.

recontouring of

Approximately 65%

No exudate.

Approximately 75%
recontouring of
surgical defect.

No exudate.

Approximately 65%
recontouring of
surgical defect.

No exudate.

regeneration

Fair osseous

Nonviable pulp

regeneration.

Good osseous

Nonviable pulp.

regeneration.

Good osseous

Viable pulp.

regeneration.

Good osseous

Viable pulp.

Visual

regeneration.

Fair osseous

resorption.

Extensive Internal

regeneration.

Good osseous

regeneration.

Good osseous

regeneration.

Good osseous

X-rays

Transverse Sections

Gross Findings

SUMMARY OF RESULTS

Approximately 75%
recontouring of
surgical defect.

Mandible

TABLE I

No nerves.

dentinal chips.
New apical cementum.
Regenerated bone.

Fulpal necrosis

No nerves.

Regenerated bone.

Fulpal necrosis
dentinal chips.
New apical cementum.

No nerves.

pulp chamber.
New apical cementum.
Regenerated bone.

Vital tissue in

No nerves.

New apical cementum.
Regenerated bone.

pulp chamber.

Vital tissue in

Microscopic
Findings

Figure 17.
a.

A view of the conformation between the cementum and the

periodontal ligament of the control tooth of Animal C (400X),

The pig cementum was of the cellular type only.

Sharpey's fibers were readily identified.
A) Cementum
B) Cem.entocyte (cellular inclusion)
C) Cementoblast
D) Sharpey's fiber
E) Periodontal ligament

A view of the peripheral coronal pulp of the control tooth
of Animal D (310X).

There was a cell free zone of Weil, a cell rich zone, and
columnar odontoblasts.

The pulp consisted of loose connective tissue composed of
spindle shaped cells

A) Primary dentin
B) Fixation shrinkage
C) Columnar odontoblasts
D) Cell free zone of Weil
E)

Cell rich zone

Ui

Figure 18.

A view of a bucco-lingual transverse mandibular section
through the experimental tooth of Animal A after decalcification.

Note the absence of the enamal.

b.

An x-ray view of a bucco-lingual transverse mandibular
section through the experimental tooth of Animal A prior
to decalification.
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Figure 19.

a.

A view of the central coronal pulp chamber stroma of Animal
A six months after surgery (310X).

The pulp chamber stroma appeared as a loose fibrillar
myxomatious connective tissue.
No nerves were identified.

A) Capillary
B)

Fibroblast

A view of an arteriole in the central coronal pulp chamber
stroma of Animal A six months after surgery (310X).
The arterioles were identified by the myofibril structures.
There was a light infiltration of lymphocytes and
macrophages in scattered areas of the pulp, most of the
activity being associated with blood vessels.

A)
B)
C)
D)

Lumen of arteriole containing blood cells
Myofibril structures
Lumen of venule containing blood cells
Macrophages and lymphocytes
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Figure 20.

a.

A view of the coronal pulp chamber over the furcation wall
of Animal A six months after surgery (158X).
There were no columnar shaped odontoblasts, a cell free zone
of Weil, nor a cell rich zone.
A reparative mineralization with cellular inclusions was
observed over many areas of the pulpal wall.
The mineralization was identical in appearance to pig
cementum and similar to human osteodentine.

A) Loose connective tissue with various sized vessels
B) Fixation shrinkage
C) Reparative mineralization with cellular inclusions
D) Primary dentin

A view of repair mineralization in the coronal pulp' chamber
of Animal A six months after surgery (310X).
Active blast cells were identified with the mineralization

in many areas.
They revealed no columnar characteristics.
There was no cell free zone of Weil or cell rich zone.

Cellular inclusions were a common finding.
A)

Blast cells in loose connective tissue

B) Repair mineralization
C)

Cellular inclusion

Figure 21.
a.

A view of active internal resorption in the radicular pulp
in Animal A six months after surgery (400X).

Multinucleated clast-like cells were seen in some resorption
sites.

The resorption sites were associated with a light infil
tration of lymphocytes and macrophages.

A) Primary dentin
B) Multinucleated clast cells
C) Lymphocyte
D) Macrophage
E) Neutrophil

A view of reparative mineralization being actively super
imposed over an area of resorption in Animal A six months

after surgery (400X).
A) Primary dentin
B) Resorption line
C) Reparative mineralization
D) Blast cell
E) Fibroblast
F) Capillary

r

Figure 22.

a.

A view of the conforniation between the remodeled apical
stump cementum and periodontal ligament of Animal A six
months after surgery (400X).

Sharpey's fibers were identified.
A)
B)
C)

Cementum
Cementocyte (cellular inclusion)
Cementoblast

D) Sharpey's fiber
E) Periodontal ligament

b.

A view of an apical stump cementum repair line in Animal A
six months after surgery (158X).
The remodeling mineralization was consistent with the
original resected cellular cementum.
Dentin

Original cementum
Remodeling cementum

Root resection repair line
Remodeled periodontal ligament

Figure 23.

a. A view of regenerated bone inferior to the apical
araputations in the area of the surgical defect on Animal
A six months after surgery (158X).
A)

Compact bone

B)

Vessel

b. A view of a remodeled apical stump in the vicinity of the
radicular canal of Animal A six months after surgery (25X).
The remodeled stump cementura was similar to and continuous
with the repair mineralization with the radicular canal.

There was a regeneration of supporting connective tissue
and bone in conformity with the regenerated cementum.

There was a continuity of vital tissue extending through the
orifice of the remodeled apical foramen.
A)

B)

Vital tissue within the radicular canal

Vital tissue within the orifice of the remodeled
foramen

C)
D)
E)
F)

Regenerated supporting connective tissue
Regenerated bone
Regenerated cementum

Repair mineralization within the radicular canal
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Figure 24.
a.

A view of a bucco-lingual transverse mandibular section

through the experimental tooth of Animal C after decalcification.

b. An x-ray view of a bucco-lingual transverse mandibular
section through the experimental tooth of Animal C prior
to decalcification.
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Figure 25.

A view of the central coronal pulp chamber stroma of Animal
C six months after surgery (AOOX).

The pulpal stroma appeared as a loose myxomatious connective
tissue.

No nerves were identified.

A) Possible capillary
B)

Fibroblast

A view of an arteriole in the central coronal pulp .chamber
stroma of Animal C six months after surgery (250X).
The arterioles were identified by the myofibril structures.
There was a light infiltration of lymphocytes and
macrophages in scattered areas if the pulp, most of the
activity being associated with blood vessels.
A)
B)
C)
D)

Lumen of arteriole
Myofibril structures

Lumen of venule with blood cells at the periphery
Capillary
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Figure 26.

a. A view of blast cells associated with repair mineralization
in the coronal pulp chamber stroma of Animal C six months
after surgery (25X).

The blast cells were ovoid and cuboidal in shape.
There was neither a cell rich zone, nor a cell free zone
of Weil.

The reparative mineralization had cellular inclusions and
was observed over many areas of the pulp chamber walls.
A) Mineralization blast cell
B)

Connective tissue

C) Repair mineralization
D)

Cellular inclusion

E) Fixation shrinkage

A view of highly active blast cells laying down repair
mineralization near the coronal pulp chamber stroma of
Animal C six months after surgery (400X).

The blast cells were mostly ovoid, cuboidal, or rectan
gular, and were irregularly arranged.
Cellular inclusions were readily identified.
A) Mineralization blast cell
B) Repair mineralization
C)
D)

Cellular inclusion
Connective tissue
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Figure IT.

A view of active internal resorption in the radicular pulp
chamber of Animal C six months after surgery (400X).
Multinucleated clast-like cells were seen in some resorption
sites.

The resorption sites were associated with a light infiltra
tion of lymphocytes and macrophages.
A) Primary dentin
B)
C)

Multinucleated clast cells
Connective tissue

A view of the conformation between the remodeled apical
stump cementum and periodontal ligament of Animal C six
months after surgery (400X).
Sharpey's fibers were Identified.
A)
B)

Cementum
Cementocyte
C) Cementoblast
D) Sharpey's fiber
E) Periodontal ligament
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Figure 28.

a.

A view of a bucco-lingual transverse mandlbular section
through the experimental tooth of Animal D Prior to
decalcification.

b. An x-ray view of a bucco-lingual transverse mandlbular

section through the experimental tooth of Animal D prior
to decalcification.
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Figure 29.

A view of apical stump remodeling on Animal D six months
after surgery (25X).

There were retrograde changes associated with a small
granuloma near the orifice of the radicular canal.

The pulp chamber contained masses of dentinal chips
associated with root fractures resulting from postsurgical
trauma.

A)
B)
C)

Dentin
Radicular canal
Remodeled cementum

D) Lumen of granuloma

b. A view of the conformation between the remodeled apical
stump cementum and periodontal ligament of Animal D six
months after surgery (400X).

Sharpey's fibers were identified.
A)

Cementum

B)

Cementocyte

C)

Cementoblast

D) Sharpey's fiber
E) Periodontal ligament

Figure 30.
a.

A view of a bucco-lingual traverse mandibular section
through the experimental tooth of Animal E prior to
decalcification.

An x-ray view of a bucco-lingual transverse mandibular
section through the experimental tooth of Animal E prior
to decalcification.

Figure 31.
a.

A view of epithelial proliferation in Animal E six months
after surgery (250X).

The proliferation was involved with root fractures, cystic
formations containing dentinal chips, and was associated with
intense inflammation containing many lymphocytes, macrophages,
and a few neutrophils.

A)
B)

Cyst lumen
Epithelium

C) Connective tissue with inflammatory cells

A view of nonproliferating rests of Malassez in close
approximation to the repaired apical resection site in
Animal A six months after surgery (400X).
Rests appeared stable in regions free from inflammation.
Cementum

Cementocyte
Cementoblast

Epithelial rest of Malassez
Periodontal ligament
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Figure 32.
A view of the conformation between the remodeled cementum

and periodontal ligament of Animal E six months after
surgery (310X).

Sharpey's fibers were very well defined.
A)

Cementiam

B) Sharpey's fiber
C) Periodontal ligament

A view of the regenerated cortical bone in Animal E six
months after surgery (25X).

A regenerated periosteum was readily identified.
A)
B)

Compact cortical bone
Periosteum
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DISCUSSION

A.

The Experimental Animal

The miniature pig as an experimental animal has been well
established (Weaver, Sorensen, and Jump, 1962, Vita Vet Laboratories,

1965).

The pig is physiologically more "human" than any other experi

mental animal with the exception of the primates.

There is a

similarity of compounds and constituents of the whole blood.

Like man,

the pig is omniverous and uses both the incisive and triturating bite.
The small size (150 - 250 lbs.) of the miniature variety is the result
of breeding to achieve more human dimensions.

The pig (Sisson, 1959) has essentially the same gross jaw
structures (Fig. 9) as the human.
matter of conformation.

The variations are primarily a

The blood supply and neurological innervation

to and within the mandible are essentially equivalent.

Most variations

are in the anterior mandible, which was not involved with this study.
However, the four root canals of a mandibular pig molar are housed in
three or four separate roots, rather than in two roots as in the human

counterpart.

Conceptually, this anatomical variation had no bearing

on the experimental design.

The roots of only one tooth were subjected to the experimental
osteotomies in order to eliminate the possibility of an unfavorable

response of one tooth masking or effecting the response of an adjacent
tooth.

The second molar of the right mandible was selected primarily

because of greatest root accessibility from the surgical approach
(Fig. 10).

With the exception of some minimal information on the pig perio-

dontal ligament (Jump, Buck, and Weaver, 196A), appropriate microanatomical information was unavailable.

Therefore, histological veri

fication of the normal pig dentition as a corollary was secured from
the noninvolved third molar teeth of the experimental animal.

The

histology of these control or reference teeth revealed the pig to have
the essential counterpart microanatomy to correlate the findings be
tween the himan patient and the animal.

However, the pig cementum

consisted of the cellular type only, whereas human cementum has both
cellular and acellular conformations.

The significance of this

variation would have to be evaluated in terms of the specificity of a

study.

In this experiment, the critera for substantiation of the

hypothesis do not focus upon this variation, but references are made to
the matter in regard to tissue identification and correlation.
The relative ease of managing general anesthesia proved to be a

primary advantage of the miniature pig as an experimental animal.

The

pigs responded well to the Sernalyn premedication, and they required
no intubation for the methoxyflourane open drop anesthesia.
The least desirable characteristic of the animals involved their

aggressiveness toward each other, resulting in occasional altercations
which were difficult to prevent due to the limited shelter facilities.

B.

Experimental Findings

Roentgenographic evidence of osteogenic repair and regeneration
of the periodontal architecture has been established as a criterion
for the successful healing of a nonvital apiceoctomy (Coolidge, 1927,
Thoma, 1929, Coolidge, 1933, Buchbinder, 1936, Auerbach, 1938,

Cahn, 1947, Castagnola and Orlay, 1952, Hlatt, 1959, Boyne, Lyon, and
Miller, 1961, Grossman, 1964, Sinai, et

, 1967).

The treatment

rationale for securing such a response involves the hermetic sealing
of the canal chamber so that no toxic irritants or bacteria may abide

to aggravate the healing potential of the supporting tissues.

The

regeneration of bone and the apical remodeling, exhibited by the

x-rays of the introductory patient, suggested that her nontreated
resected teeth were vital.

Loss of vitality and necrosis would be

paramount to the presence of degenerating protein and hydrolytic
enzymes, placing a toxic burden upon repair mechanisms, and thereby

preventing bony remodeling of the highly vulnerable apical area. The
purpose of the experiment was to translate these deductions into a
hypothesis that could be examined.histologically, the hypothesis
stating that vital apical cortical marginal ostectomies under normal
surgical conditions would result in vital pulps, remodeling of the

apical hard and soft tissues, and recontouring of bone under the
functional influence of the masticatory apparatus.

As with the treat

ment of the patient, the experiment did not Include the use of inter
maxillary fixation.

Although the pulp chamber tissues of Animals A and C were vital
and vascularized with arteriolar systems, they did not appear as normal

pulp with a normal odontoblastic layer. The tissues were fibrillar and
appeared more like pulp tissue, however, than any other related or
supporting connective tissue. The cellular inclusion mineralization

response associated with the dentinal walls had the appearance of pig
cementum and was similar to human osteodentine, a reparative dentin of

of rather low maturity, often the result of a rapid repair process

which entraps the odontoblast (Shafer, Maynard, and Levy, 1963,
Edwards, 1965, Seltzer and Bender, 1965a).

The active blast cells

associated with this mineralization, and the active fibroblasts and
clast cells confirmed activity at the time of sacrifice of the animals.

All of the animals had periapical remodeling with cemento-periodontal
architecture revealing Sharpey's fibers.

All of the animals demonstrat

ed bony recontouring of the surgical defect.

Even though the roots of

Animals D and E were involved with further injury resulting in root

lesions of radicular resorption and fractures, there was a general
tendency toward repair. In Animals D and E the apical and bony re
modeling occurred in spite of the fragments of dentin.
There was a consistency of findings between the pig model and

patient within the framework of the time interval studied.

Although

limited to transverse sections, the pig x-rays revealed apical re
modeling consistent with the pattern demonstrated in the films of the
patient.

The absence of nerve tissue in the vital animal pulp chamber

stromas would correlate with the negative vitalometer responses of the

patient's amputated teeth.

Johnson and Hinds (1969) evaluated the

vitality of teeth following subapical osteotomy associated with ortho
dontic surgery with an average postoperative time of fourteen months.
Thirty-five out of a hundred and sixty-nine teeth did not respond to
the electric pulp tester, and only four teeth were abnormal radiographically and clinically.

They concluded that vital teeth were those

with an adequate vascular supply and that innervation of the pulp is
not essential for vitality.

This has been the prevailing concept in

recent endodontic textbooks (Nicholls, 1965, Ingle, 1965).

The

comments of Boyne (1957) in his report concerning the surgical
positioning of teeth also implied that a negative response to a pulp
tester is not a criterion for viability.

Central injuries of teeth include inflictions directed against
the supporting stroma of the pulp in contrast to peripheral injuries
received from external sources.

Aside from this experiment, central

injuries have been associated with replantation or autogenous trans

plantation.

There has been considerable success with these procedures

in developing teeth.

Anderson, Sharav, and Massler (1968) replanted

young dog incisors in which the root formations were three quarters

completed.

Their intent was to study the various forms of hard tissue

repair following acute injury to the pulp.

They reported a range of

seven distinct pulpo-dentinal responses, one of which appears to be
consistent with the pulp chamber repair in this present experiment and
which lies about midway in the extremes of maturity according to their
findings.

They referred to the calcification as irregular dentine with

cellular inclusions and also as osteodentine.

Even though the healed

postresection soft stromas in the pulp chambers of Animals A and C
resembled pulp tissue more than any other connective tissue, and
though the reparative mineralization had characteristics consistent
with the various reports of osteodentine, including the typical loss

of columnarity of the odontoblasts, the material also closely re

sembled the pig cementum.

The pig cementum consisted of the cellular

type only, making it even more difficult, if not impossible, to
differentiate between the two kinds of mineralization.

Anderson and Scottl (1968) reviewed the relationship of the in

flammatory response as part of the mechanism of repair. As outlined

by these authors, specificity of repair can be considered in terms of
certain basic processes - granulation, regeneration, and resolution.

In regards to the pulp chamber healing of Animals A and C, the observed
arterioles, which were identified by myofibrils (Ham, 1965), essential

ly rule out healing by granulation tissue, the forerunner of dense
collagenous connective tissue recognized as fibrosis or scar. The
reparative milieu called "granulation tissue" does not contain
arterioles, but only capillaries, which decrease in size and number

after organization is complete and the defect has been filled. The

resulting tissue requires minimal maintenance and no nutritional needs
for blastic or reproductive performance. However, the obseirved
arterioles in the pulp chamber stromas of these animals were consistent
with the blastic and mineralizing tissues within which they were found.
If these stromas were cementoblastic, the repair would represent re

placement by regeneration of similar adjacent living cells. This
could be a valuable phenomenon, as there would nearly always be a
source of relatively well nourished radicular cementoblastic tissue
residual to a vital apical ostectomy.

If the cells were odontoblastic,

the healing would represent resolution of the original tissue with
loss of attenuation or maturity. Ordinary bone tissue could be ruled
out on the basis of density and lack of internal rearrangement
(Held, 1951).

The lack of nerves in the regenerated supporting tissues and in

the pulp chamber stromas of Animals A and C is consistent with the

United regenerating potential of a proximal severed nerve, and to
Wallerian degeneration of the severed distal portion.

The role of

pulpal nerves in the flow of blood was suggested by Mathews, Dorman,

and Bishop (1959).

They described the abating of nonmyelinated fibers

to the smooth muscles of arterioles, and attributed a sympathetic

vasoconstrictory activity to these nerve elements.

Bernick (1968) has

since clearly shown that the nonmyelinated fibers of the rat pulp
maintain a relationship with the odontoblastic layer, even when the

cells advance pulpward with mineralization.

Also, other authors

(Seltzer and Bender, 1965b, Kramer, 1968) have suggested a relation
ship of blood flow to odontoblastic activity.

The integrity of nerve

elements associated with the arterioles in the resected pulps of
Animals A and C would be an interesting study.

If these pulpal

tissues are the result of resolution of the original tissue, the

functionability of the arterioles in vasoconstriction might be in
jeopardy - at least for a certain length of time.

Without sympathetic

vasoconstrictional control, there might occur an unrestricted, rapid
mineralization during a response of repair, entrapping cells, and re

sulting in a cellular inclusion mineralization.

On the other hand, if

these tissues are the result of regeneration of adjacent cementum

forming tissues, the associated arteriole nerve fibers would likewise
be regenerated and functional.

Resulting secondary mineralization

might be consistent with the mother tissue, but modified and restricted
by the lack of a functional periodontal membrane within the confines

of the pulp.

As a matter of fact, except for the lack of Sharpey's

fibers, the pulp chamber wall mineralization appeared essentially
identical to the pig cementum.
Since the pulpal metamorphosis of Animals A and C resulted in no

recognizable odontoblasts, cell free zones of Weil, cell rich zones, or
nerves, and since the resulting loose connective tissue was clearly
viable with arterioles and without scar tissue characteristics, one of
the members of my thesis committee (Kelln, 1970) suggested the term

"pseudopulp." For the cementum-like mineralization, which could also
be considered as a form of osseous metaplasia, he suggested the term

"osteocementum."

These terms provide connotations which do not impinge

upon the known micromorphology or metabolic products characteristically
associated with the true pulp.
The remodeling of the apical stumps in all of the animals was
also a manifestation of specific repair in contrast to healing by

granulation and scarring.

The location and the presence of Sharpey's

fibers in the new apical formation established this mineralization as
consistent with cementum, and the associated connective tissue as

consistent with periodontal ligament structures.

Functional occlusal

influences involved with formation of the periodontal architecture has
been well described (Orban, 1928, Kronfeld, 1938).

Functional in

fluences associated with the regenerated bone would include these
periodontal factors as well as broadly distributed forces effecting

the overall bone (Weinmann and Sicher, 1955, Mclean and Urist, 1968b)

such as those imposed upon the mandible by the various gnatho-facial
muscles.

Blood supply becomes a major consideration for healing when the

ordinary source is deleted as result of an injury.

Although there have

been reported successes of replantation and transplantation in fully
developed teeth, the usual prognosis for pulp viability is poor and
immediate endodontic surgery is generally necessary.

There are many

unknowns regarding attachment, revascularization, nerve regeneration,

and root resorption.

Bell and Levy (1970) recently described an

experimental study in the rhesus monkey related to revascularization

in bone healing following anterior mandibular osteotomy.

They per

formed subapical osteotomies leaving the inferior alveolar artery and
nerve intact.

They observed that in the early healing period the

dental pulps were vascularized by the intraosseous alveolar vessels
and the periodontal plexus.

They attributed a case of pulp necrosis

as a result of the osteotomy severing the vascular supply at the apices
of the teeth.

It was also suggested by them that blood flow in the

mandible can be centripetal under certain conditions and can- be

reversed to centrifugal which is probably the normal when the blood
supply is reestablished.

Their study indicated that when the intra-

medullary circulation was altered by osteotomy, the cortical, medullary,

and soft tissue vascular avenues assume greater function until the
medullary vessels were reconstituted.

Another interesting study of the subapical osteotomy was reported

by Johnson and Hinds (1969) who also concluded that vascularity to
teeth is reestablished except when the root is directly in line of the
surgical resection, in which case the teeth probably become hyperemic
and undergo pulp ischemia and necrosis.

Mclean and Urist (1968a) describe the ability of the periosteal

vessels of long bones to greatly increase when the central medullary
blood supply is injured. A vital apical cortical marginal ostectomy
removes the central blood supply from the associated alveolar bone and
dentition.

There is no central vascular structure remaining to

accommodate collateral flow to the deprived area. A large part of the

peripheral periosteal vascularity is also removed with the resected
bone. Repair with these vascular deletions emphasizes the reinforce
ment of healing by centripetal action through the alveolar and periodontal vessels, the only remaining collateral routes. The central

blood supply may not be essential to maintain the periodontium and
supporting tissues of the teeth, and, as projected by the introductory
hypothesis, this medullary source may be unessential for the greater
nutritional demands of repair or replacement of pulp tissues receiving

central injury resulting from vascular severance via cortical marginal
resection.

According to Mclean and Urist (1968c), if the periosteum of long
bones is excised, the body can replace it with a new connective tissue
membrane which can function as well as the original periosteum in

osteogenesis. They also refer to the endosteal tissues within the bone
marrow as having osteogenic properties, although less active than

periosteum potentials. The cortical remodeling in both the intro
ductory patient and the experimental animal would substantiate this

ability of the mandible. The greater recontouring of the pig mandibles

may have been at least partly due to the residual periosteum which
remained attached to the fascia covering the parotid glands.

The healing integrity of the blood associated with the dentition
is demonstrated in both the patient and the animals.
of the patient remained sound.

The periodontium

Histologically, the nonexcised peri-

odontal structures of the pigs maintained integrity in essentially all
of the animals.

The crowns of the teeth in the patient and in the

animals also remained sound.

The role of bacteria in the survival of peripherally exposed
pulp tissues was shown experimentally in germ free rats by Kakehashi,

Stanley, and Fitzgerald (1965).

The conventional rats revealed necrotic

pulps, whereas dentinal bridging occurred in the germ free animals.

More recently Dolph (1970) demonstrated a similar repair potential in
human teeth.

Under an antiseptic rubber dam environment, he inserted

gold plated metal pins into pulps, which persisted in vitality and
manifested dentinal repair.

In experiments using dogs and monkeys.

Seltzer, Bender, and Kaufman (1961) described the ability of bacteria

from the saliva to penetrate the organic matrix of the dentinal tubules
and reach the pulp from the base of deep prepared cavities.

In sub

sequent human studies. Seltzer, Bender, and Ziontz (1963a) concluded
that accessory or lateral canals exposed as result of periodontal
disease could also become channels for bacterial invasion from the

oral flora.

Consequently, there are possibilities of infectious agents

penetrating to the pulp under certain circtimstances without direct
exposure.

But even without actual infection of the pulp, there remains

the possibility of increasing the anachoretic factor by causing an
inflammatory response with toxic bacterial products.

Anachoresis has been documented by many investigators, but the
mere presence of bacteria in vital tissues does not constitute an

infection.

According to Sprunt (1950), it is a well accepted fact that

a certain nxmiber of a given organism is needed to infect an animal or

to cause growth in an artificial media.

Although dental structures

have been readily associated with anachoresis, the significance of the
phenomenon in respect to surgeries involving the teeth should correlate
with procedures involving other tissues in the body.

Therefore,

surgical technic and the health of the tissues remain as the important
factors in considering the significance of anachoresis.
Although there was no opportunity to be discriminating in the
selection of the animals per their dentition, every effort was made to
minimize the influence of microorganisms by maintaining strict
operating room protocol and by providing prophylactic antibiotics.

The extra-oral surgical approach,virtually eliminated the introduction

of oral microorganisms, thereby, providing a more convenient management
of normal surgical conditions in terms of a sterile field.
A few areas in the pulps of Animals A and C had fibroblastic
activity associated with lymphocytes and macrophages.

These areas

were generally associated with areas of internal resorption and multinucleated cells identical in appearance to osteoclasts.

Even though

internal resorption is considered an idiopathic phenomenon, an
association with chronic inflammatory elements has been a consistent

finding among several investigators (Applebaum, 1934, Warner, et al.,
1947, Deeb, 1960, Seltzer, Bender, and Ziontz, 1963b).

Although osteo

clasts are not described as normal pulpal cells engaged in functional

changes of dentin, Toto and Restarski (1963) demonstrated conversion

of undifferentiated connective tissue cells of the pulp to cells they
chose to call odontoclasts.

Osteoclasts are involved also with re-

sorption changes in cementum (Henry and Weinmann, 1951).

As stated by

these authors, this does not mean to imply that cementum is resorbed

for the same reason.

In regards to internal resorption, Stanley

(1965b) referred to the clastic cells as odontoclasts or cementoclasts,
applying the nomenclature accordingly.

Due to the clastic vulner

ability of dentin and cementum, as well as of bone, and due to the
ability of the pulp tissue to originate multinucleated cells, clastic
activity would not be a useful criterion for establishing the identity
or specificity of the tissue within the pulp chamber.
Some of the internal resorption occurring in the experiment was
repaired - or rather superimposed by the cellular inclusion minerali

zation.

This process has been reported by Aisenberg (1937), Rabinowitch

(1957), and Seltzer, Bender and Ziontz (1963b).

As evidenced by the

presence of active blast cells and active multinucleated clast cells,
both processes were in progress in some areas in Animals A and C at the
time of sacrifice.

Internal resorption places the intrinsic structure

of the tooth in jeopardy as long as the retrograde process is active.
There would be a point beyond which the remaining structure could not
provide the framev/ork for dentinal or cemental repair.

Accessory or lateral canals are a common finding in the roots of
teeth.

Their role in bacterial access to the pulp in periodontal

disease has already been discussed.

Their influence in repair following

a vital apicoectomy has not been tested.

In this experiment, a lateral

canal was demonstrated in one root of Animal A, one of the pigs which
retained a vital pulp.

It might be projected that a lateral canal

could remain as a "life saving" link to the pulp.

However, Olgivie

(1965) pointed out the inadequate collateral circulation of these

canals.

They may even be detrimental to healing.

Rabinowitch (1957)

implicated lateral canals as a factor in some forms of internal resorption.

In fact. Animal D, had root fractures and resorption

associated with these structures.

The small confines may be more

vulnerable to mechanical forces or activity involved with inflammation.
Several authors (Reeve and Uentz, 1962, Molyneax, 1964, Seltzer,
Soltanoff, and Bender, 1969) have correlated epithelial proliferation

with intensity of inflammation.

Hill (1930) reported the consistent

appearance of neutrophils with this activity.
experiment are consistent with these findings.

The results of this
All of the animals had

rests of Malassez, but only in the case of Animal E was epithelial

proliferation demonstrated.

Even though there was a tendency toward

repair, the debris resulting from the root fractures and resorption
resulted in intense inflammatory responses consisting of lymphocytes

and macrophages with a few neutrophils being identified.
The miniature pig is an animal with a high degree of masticatory
activity and has a deficiency for postoperative cooperation.

animals were also quite aggressive toward each other.

The

It would be

reasonable to expect human repair to be associated with less super

imposed trauma and inflammation, and therefore to be less eventful.
The significance of the fibrotic tract extending from the re

generated sponsiosa through the new cortex in all of the animals has

not been determined.

It may represent a residual invagination in

volving a renewed blood supply to some of the osseous regeneration.
There was no evidence of an exudate or epithelial proliferation in
association with these areas.

The fixation shrinkage which v/as associated with some peripheral

or odontoblastic areas is an artifact and a problem which could no
doubt be minimized with further experience in the management of the
larger and heavier pig dentition.
The patient provided an excellent application of the vital

apical ostectomy.

It provides the surgeon with another option for his

armamentarium in the removal of tumors - specifically, a selective
alternative to a mandibular excision causing discontinuity or to root
canal therapy.
Where applicable, the repair potentials considered in this

experiment might be applied to surgical orthodontic formulations.
These corrective surgeries are designed with the intent to minimize
neurovascular interference.

compromised.

As a result, certain changes may be

In the interest of avoiding teeth, horizontal bone cuts

which are associated with the dentition are positioned in a subapical

relationship.

This additional restriction may further compromise the

reconstruction.

For example, Thoma (1963) referred to the use of a

Z-shaped sliding osteotomy which has been utilized for advancing
mandibles that are edentulous in the posterior region.

He also dis

cussed the use of an L-shaped sliding osteotomy for the same purpose

on mandibles containing posterior teeth.

However, Caldwell (1968)

pointed out that this design presents several disadvantages -

compromise of the mandibular angle, exposure of the mandibular nerve

to manipulation, and poor bony contact. The feasibility of vital

apical cuts would accommodate possible advantages of the former design
(Fig. 33).

The question may be asked if this study is applicable to the
maxilla.

This has not been pursued in the laboratory, but reference

is made to a clinical observation that suggests the principles are the
same for the upper jaw.

In June of 1969, the committee chairman for

this thesis operated upon a fourteen year old boy with a juvenile
nasopharyngeal angiofibroma (Rappaport, 1969) which had destroyed the
walls of the right maxillary antrum as well as the orbital rim. Angiograms revealed a vascular neoplasm 7 cm x 6 1/2 cm x 4 1/2 cm obtaining

its blood supply from the right external carotid artery via the right
internal maxillary artery, and also receiving blood from the meningeal

branches of the internal maxillary artery (Fig. 34). At surgery it was
found that the tumor had obliterated the right antrum, sphenoid, and
ethmoid sinuses and had destroyed the posterior and lateral walls of

the antrum with growth into the pterygoid space. It had also partially
destroyed the malar bone and the orbital rim.

In order to help control

operative hemorrhage, the right external carotid artery as it branched
into the internal maxillary artery was ligated, and then via a WeberFerguson incision, the tumor was removed.

to leave the teeth and the hard palate.

In so doing it was elected

The procedure necessitated

the removal of the superior, posterior, and the anterior alveolar
arteries and also the buccal blood supply to the gingivae.

The

posterior palatine artery was removed as the pterygoid area was

An illustration depicting one of several possible ortho

dontic surgery applications with apparent healing potentials
subsequent to a vital apicoectomy and loss of medullary
blood supply, a: The Z-shaped sliding osteotomy for
advancing mandibles that are edentulous in the posterior
regions, b: The L-shaped sliding osteotomy for the same

purpose on mandibles with posterior teeth, c; A projected
design for mandibles with posterior teeth, utilizing the
vital apical healing potentials and the advantages of the
Z-shaped osteotomy.

extirpated.

The buccal root apices of the first molar were removed

during the surgery.

In essence, the remaining vasculature to give

vitality to the teeth and alveolar process was the periodontium
supplied primarily from the contralateral hard and soft palates.

Since

surgery, the only clinical manifestations have been numbness of the
gingivae and teeth of the right half of the maxilla.

On the basis of

clinical presentation and the previously discussed x-ray criterion, the
teeth were vital, including the one with the resection of the apices

(Fig. 35).

This case would also appear to demonstrate the propensity

of the jaws for remodeling and the phenomena of centripetal skeletal
and apical reconstruction.

Figure 34.
a.

An angiogram of a fourteen-year-old male demonstrating
the superior posterior and anterior alveolar arteries
of the left (normal) side.

An angiogram of the above case demonstrating obliteration
of the normal vasculature resulting from a juvenile
naso-angiofibroma on the right side.
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Figure 35.

A panorex view of the juvenile naso-angiofibroma
excision site nine months after surgery.

In addition to removing the central blood supply to
the dependent dentition, the antral wall and the buccal
root apices of the first molar were resected.

A periapical x-ray view of the resected root apices of
the above case nine months after surgery.
There was periapical remodeling with cancellous bone
replacement toward the antral aspects.

SUMMARY AND CONCLUSIONS

The experiment demonstrated a healing phenomenon heretofore
unreported - the ability of a tooth to maintain a vital pseudopulp

following a complete vital apicoectomy.

The pulpal metamorphosis

having occurred without benefit of a medullary blood supply served to
emphasize the healing potential following a central injury of the pulp.
This repair together with the regenerated supporting bone served to
reveal the collateral potential of the periodontium.

The gross findings revealed a general regeneration of bone in the
surgical defect with no evidence of purulent exudates.

On two of the

animals, microscopic studies revealed pulp chambers occupied by vital
tissue vascularized with arterioles, precluding healing by granulation
tissue.

A reparative mineralization (osteocementum) resembling pig

cementum and also similar to human osteodentine was observed in many

pulpal wall areas, and many pulp areas were associated with active blast
cells.

There was periapical remodeling, indicating repair in the area

ordinarily thought to be most vulnerable to toxic destruction.

There

was general regeneration of bone in the surgical defect with cortical
remodeling.

There was no evidence of regenerated nerve tissue.

Even

though the roots of the teeth in the remaining two animals were involved
with further injuries, there was a tendency toward repair manifested by

periapical remodeling with cementum and Sharpey's fibers and regenera
tion of bone in the surgical defect.

Apparently the same phenomenon observed in the mandible of the pig
model and the previous patient may occur in the maxilla.

Inference to

this may be dra\m from the successful removal of the blood and nerve

supply plus the apices of the buccal roots of a molar tooth in a young
male for a large juvenile nasopharyngeal angiofibroma (Rappaport, 1969).
If the observations reported in this paper regarding pulp chamber
healing and gnathological blood supply are valid, there would be the
potential for vital apicoectomy repair with or without a medullary blood
supply.

There would be a healing potential with resection of one or two

root apices, as observed in the preceding maxillary case.

As demonstra

ted in the introductory patient and the experimental animals, there
would be a healing potential with resection of all of the root apices of
a tooth.

There may be some questions as to the-unqualified validity of the
concept expressed by Rowe and Killey to whom reference was made in the
introduction to this paper.

They stated that severing the blood supply

to a tooth results in death of the pulp tissue, which becomes a nidus
for infection.

However, the results of this experiment suggest that the

concept should be re-evaluated to accommodate possible variables.

In

Animals A and C, the severed pulp chambers were vital rather than morbid
at the time of sacrifice.

In Animals D and E, which suffered root frac

tures resulting in nonvital pulps, there was a general tendency toward
repair rather than infection.

As suggested throughout this paper, healthy oral tissues and a
disciplined operating room protocol are undoubtably important factors in
the healing of the vital apical cortical marginal ostectomy.

Although

the repair potentials discussed may provide opportunity for more aggres

sive gnathological surgeries, clinical acuity in detection of

periodontal disease, dental caries, and related pathology would be
indispensible to rule out sources of infection, and to determine the
significance of anachoretic potentials.
The miniature pigs had a high degree of masticatory activity and
a deficiency for postoperative cooperation.

It would be reasonable to

expect human repair to be associated with less superimposed trauma and
inflammation, and therefore to be less eventful.

The potentials for

human application of the vital apical cortical marginal ostectomy as a
selective alternative to total mandibular or maxillary excisions causing

discontinuity of the jaws or to root canal therapy, and the possible

applications to surgical orthodontics are intriguing and warrant further
research.
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ABSTRACT

Vital Apical Cortical Marginal Ostectomy

The dentition has been suspect as an unfavorable influence in

the healing potential of the jaws.

Today, many surgical procedures

are based on the supposition that teeth should be avoided, endodontically treated, or removed from the sphere of tissue infliction.

On

the other hand, and abundant blood supply and osteogenic capability
have been recognized as favorable factors in repair.
An extra oral removal of an osteoid osteoraa from the body of the

mandible of a thirty-year-old female resulted in vital apicoectomies
of her molar teeth as well as the removal of the medullary blood

supply.

An uneventful course of healing and periapical remodeling

stimulated interest in an experiment which provided tissues for

histological studies.

A search of the literature revealed no in

formation pertaining to nontreated vital apicoectomies.

There was

only suggestive information pertaining to centripetal blood flow

potentials in the mandible. Five miniature pigs underwent similar
procedures which are referred to as vital apical cortical marginal
ostectomies.

It was hypothesized that under normal surgical condi

tions, there would be healing resulting in vital dental pulps,

remodeling of the apical hard and soft tissues, and recontouring of
the bone under the functional influence of the masticatory apparatus.

Care was taken to provide strict operating room protocol for a sterile
technic.

As in the human patient, intermaxillary fixation was not

utilized.

Four of the animals remained available for study and were

sacrificed after a six month Interval.

Gross findings revealed a general regeneration of bone In the

surgical defect with no evidence of purulent exudates.

On two of the

animals, microscopic studies revealed pulp chambers occupied by vital
tissues vascularlzed with arterloles, precluding healing by granulation
tissue.

Although these stromas consisted of a loose myxomatloUs

connective tissue, there were essentially no other recognizable

mlcromorphologlcal characteristics ordinarily associated with the true

pulp.

A reparatlve mineralization (osteocementum) resembling pig

cementum and also similar to human osteodentlne was observed In many

pulpal wall areas, and many pulpal areas were associated with active

blast cells.

There was perlaplcal remodeling. Indicating repair In

the area ordinarily thought to be most vulnerable to toxic destruction.
There was no evidence of regenerated neirve tissue.

The roots of the

teeth In the remaining two aiilmals were Involved with further Injuries,
but there was a tendency toward repair manifested by perlaplcal re
modeling with cementum and Sharpey's fibers and regeneration of bone
In the surgical defect.

Apparently the same phenomenon observed In the mandible of the
pig model and of the patient may occur In the maxilla.

Inference to

this was drawn from the successful removal of the blood and nerve

supply plus the apices of the buccal roots of a molar tooth In a
young male for a large Juvenile nasopharyngeal angloflbroma.

The experiment demonstrated a healing phenomenon heretofore -

the ability of a tooth to maintain a vital pseudopulp following a
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complete vital apicoectomy. The pulpal metamorphosis having occurred
without benefit of a medullary blood supply served to emphasize the

healing potential following a central injury to the pulp. This repair
together with the regenerated supporting bone served to reveal the
collateral potential of the periodontium.

The results of this experiment suggest that the current concept
pertaining to the role of blood supply and bacteria upon the surgically
inflicted tooth and supporting structures be re-evaluated to accommo
date possible variables.

The miniature pigs had a high degree of masticatory activity
and a deficiency for postoperative cooperation.

It would be reasonable

to expect human repair to be associated with less superimposed trauma

and inflammation, and therefore, to be less eventful. The potentials

for human application of the vital abical cortical marginal ostectomy
as a selective alternative to a mandibular or maxillary excision
causing discontinuity of the jaws or to root canal therapy, and the

possible applications to surgical orthodontics are intriguing and
warrant further research.

